Little Higgs models may provide a solution to the gauge hierarchy problem in the mass of the Higgs boson. In this framework the Higgs boson is arisen as the pseudoNambu-Goldstone (PNG) boson. We show that the Lepton triplet introduced in a little Higgs model explains a small mass parameter in the double see-saw mechanism for neutrino masses, and it can also gives an explanation for the axion like particle recently reported by PVLAS collaboration.
Despite a lot of phenomenological successes in the standard model (SM), it has a fundamental problem associated with the Higgs mass parameter. The Higgs mass squared parameter receives radiative corrections of order the cutoff scale squared, implying the existence of some new physics at a scale not much larger than the scale of electroweak symmetry breaking. On the other hand, since experiments have not found any convincing sign of such physics so far, it has been stimulated a lot of models of the electroweak symmetry breaking.
Little Higgs models [1] represent a new attempt to solve the gauge hierarchy problem in the mass of the Higgs boson responsible for the electroweak symmetry breaking. This approach treats the Higgs boson as part of an assortment of the pseudo-Nambu-Goldstone (PNG) bosons, arising from a spontaneously broken global symmetry at a cutoff scale Λ, typically on the order of several TeV.
On the other hand, one and the most likely solution to the strong CP problem, PecceiQuinn (PQ) solution gives us another interesting information to the physics beyond the SM [2] that also predicts the existence of a PNG, the so called axion. Axion particle φ has an interaction with photon as
The Primakov-like process allows φ ↔ γ conversion process to occur in the external B-field background. The conversion rate for φ → γ after traveling a distance L is given by
The converted axion is reconverted to the photons when it go across an optical barrier. The detection rate for such photons in a second magnetic field is given by [3] 
where P is the laser power, ω is the photon energy and ǫ is the efficiency for the detector. This setup would be used in finding out the axion signal at laser experiments. The direct search for the production process e + e − → γ * → φγ is given by the LEP experiment. The total cross section for such process is
and the decay rate for φ → γγ is given by
The LEP data shows the following constraint:
In the usual PQ solution to the strong CP problem, we assume an invisible axion with a decay constant f a that is severely constrained from astrophysics to be
Note the similarity of this scale and the right-handed neutrino mass scale in the standard see-saw mechanism has been studied in [4] . Recently, PVLAS collaboration [5] reported the following range of parameters for the axion-like particle, that is completely different from the above range of parameters for the axion:
Note that the PVLAS data corresponds to the scale of symmetry breaking of order m φ M φ ∼ 10 keV unlike the QCD axion case:
MeV. In this letter, we propose a little Higgs model, which can fit with the PVLAS axion-like event though there have already been several attempts to explain this data [6] . The key ingredient for explaining the scale of U(1) PQ , which is found to be of order 10 keV, is to relate the scale with a mass parameter for the singlet in the double see-saw mechanism [7] or the type-III see-saw mechanism [8] that gives an explanation for the smallness of neutrino masses.
We consider the simplest little Higgs model [9] and extend the model to include the Peccei-Quinn symmetry. The model is constructed to have Yukawa couplings and gauge interactions without introducing quadratic divergences. It can be achieved by using the idea of "collective symmetry breaking". In order to realize this idea, we introduce SU(3) × SU(3) global symmetry which are spontaneously broken to SU(2) × SU(2) by vacuum expectation values for two scalar triplets Φ 1 and Φ 2 .
For the collective symmetry breaking, the diagonal subgroup (3) is gauged and the subgroup SU(2) ⊂ SU(3) V will become the weak gauge symmetry. Using the residual SU(3) A ⊥ SU(3) V symmetry, Φ 1 and Φ 2 are parametrized as
In the little Higgs models, the Higgs mass parameters are protected by global symmetries which include the Standard Model electroweak gauge symmetry. The tree level Lagrangian for the Higgs fields are only given by the gauge interaction:
where λ a (a = 1, · · · , 8) is the Gell-Mann matrix. After developing the VEVs for Φ 1,2 , there appear extra gauge bosons W ′ and Z ′ whose masses are given by
The lower bound on f is estimated to be f 4.5 TeV [10] . The leading mass term for the Higgs boson is firstly generated at the one-loop level
where we have used a relation Λ ∼ 4πf . This M Higgs is of the right order of magnitude to generate the correct electroweak scale for f ∼ 10 TeV and an order one quartic coupling g is generated.
The Yukawa interactions for the matter multiplets should also be extended in the little Higgs models. Here we consider the lepton sector. The lepton doublet L is enlarged to a triplet 3 ∼ Ψ = L S by introducing a singlet S, and we also introduce a singlet 1 ∼ N under any SU(3) symmetries, which is necessary to have a Yukawa coupling for L and a triplet Higgs scalar Φ 1 :
Under this Lagrangian, we can assign the PQ charges as listed in the Table below. fields PQ charges
Since N is a complete singlet, we can write down the Majorana mass term for it:
This term softly breaks PQ symmetry. Then the total mass terms in the model can be written in a matrix form in the base with {ν, N, S} as follows:
Here the mass parameter m and M are given by
with v = 174 GeV represents the weak scale. Hence, we obtain the light Majorana neutrino mass as
For m ν ∼ 1 eV and f ∼ 10 TeV, we have µ s ∼ 10 keV. In summary, we have shown in this letter that the double see-saw mechanism has its natural setup in the simplest little Higgs model. The little Higgs model indicates a Peccei-Quinn symmetry breaking around 10 keV. It is very suggestive that this scale is the same order as that of the scale for the axion-like particle recently reported by the PVLAS collaboration.
